For years, people have been overusing antibacterial products, resulting in bacteria that are insusceptible to antibacterial products. This is due to misconceptions that surround antibacterial products. Studies have shown that many people aren't aware of the dangers of antibacterial products, and expect a prescription of antibiotics upon doctor visits even in cases where antibiotics do not help. A common misconception, held by many, is the belief that antibacterial hand-washing products are more effective than normal hand-washing products. Similarly, many believe that antibacterial products are more effective when used in large amounts. However, studies reveal that these conceptions are faulty. Other studies show that education, especially science education, can help students understand more about hand hygiene. However, studies do not concentrate on students' awareness of bacterial resistance, which is something I would like to test: Does the differing education provided to a science major and non-science major students affect their awareness of antibacterial resistance? This study tests whether biological science students are in fact more knowledge and, therefore, less likely to overuse antibacterial products. The results of the observational study and student survey reveal some surprising anomalies: while science majors are more likely to have heard about the dangers of microbial resistance, neither group frequently uses antibacterial products in recreational settings or in biology labs.
Introduction
The purpose of antibacterial products is to reduce or eliminate bacterial pathogens. But, after years of high demand and unnecessary use, and misuse of antibacterial products [1, 2, 3, 4] , an issue of antibacterial resistance has emerged, spreading throughout the world. As a result, new antibacterial products are produced slower, but at the same time stronger in effectiveness to prevent the spread of bacteria. With continuous usage of the stronger antibacterial products, bacteria will become unsusceptible to it, and bacterial resistance will emerge. Thus, an even stronger antibacterial product will be produced, and the cycle continues again. Common cases of bacterial resistance can be seen in methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococci (VRE), and multi-drug-resistant Mycobacterium tuberculosis (MDRTB) [5] . When these bacteria become resistant to antibiotics, the antibiotics are deemed useless. And as long as we continue to use antibiotics, these resistance complications will continue to persist in our society.
For years, people have been overusing antibacterial products, resulting in bacteria that are insusceptible to antibacterial products. This is due to misconceptions that surround antibacterial products. Studies have shown that many people aren't aware of the dangers of antibacterial products, and expect a prescription of antibiotics upon doctor visits even in cases where antibiotics do not help. A common misconception, held by many, is the belief that antibacterial hand-washing products are more effective than normal hand-washing products. Similarly, many believe that antibacterial products are more effective when used in large amounts. However, studies reveal that these conceptions are faulty. Other studies show that education, especially science education, can help students understand more about hand hygiene. However, studies do not concentrate on students' awareness of bacterial resistance, which is something I would like to test: Does the differing education provided to a science major and non-science major students affect their awareness of antibacterial resistance? This study tests whether biological science students are in fact more knowledge and, therefore, less likely to overuse antibacterial products. The results of the observational study and student survey reveal some surprising anomalies: while science majors are more likely to have heard about the dangers of microbial resistance, neither group frequently uses antibacterial products in recreational settings or in biology labs.
Literature Review

Public Knowledge of Bacterial Resistance
In a questionnaire study, a sample size of 10,780 participants was questioned about their knowledge, attitudes, and practices about antibiotic use. As a result, 58% of the participants were found to be unaware of the dangers associated with taking antibiotics. The dangers listed within the questionnaire were the emerging drug resistance, allergic reactions, and misuse/overuse and general unhealthiness of antibiotics. These participants are more likely to live in rural areas, have less education, lower income, and no insurance. In fact, to make the situation worse, 48% (nearly half) of the participants expect a prescription of antibiotics whenever they visit a doctor [4] . With these high percentages of these people unaware about the dangers, high expectancy, and demand of antibiotics, it's no wonder that bacterial resistance is a continuing threat.
Originally, antibacterial products were developed to prevent the transfer of disease-causing microorganisms among hospital patients. But now, they are being integrated in our standard household usage, going from about a dozen in the 1900s to a staggering amount of 700 in the 2000s. They are now found in our soaps, toothbrushes, and dishwashing detergents [3] . Today, not only do we have to be concerned about bacterial resistance in drugs and antibiotics, but we have to be concerned about the resistance in our every-day household products, such as antibacterial cleaning products and soap. These antibacterial agents introduced into household products inhibit bacterial growth and prevent transmission of diseasecausing microorganisms in a similar fashion to antibiotics, but don't treat bacterial infections. And when we overuse the household products, the rise of resistant variants may occur [6, 3, 7, 8] . Moreover, in the long run, both antibiotics and antibacterial products aren't very useful in an already healthy household [3] .
Antibacterial Products vs. Regular Handwash-
ing On October 2005, the Non-Prescription Drug Advisory Committee of the U.S. Food and Drug Administration (FDA) requested research data about the risks and benefits of local antiseptic products. One of the major concerns are antibacterial soaps, which are liquid soaps that contain about 0.1% to 0.45% triclocarban, an antibacterial agent that reduces or prevents bacteria contamination [9] . At high concentration, triclocarban is bactericidal, capable of killing bacteria, and bacteriostatic at low concentration, capable of preventing the growth of bacteria [6] . Triclocarban's bactericidal mechanism consists of some non-specific killing mechanisms. Whereas, triclocarban's bacteriostatic mechanism occurs by targeting and inhibiting a specific bacterial fatty acid biosynthetic enzyme, known as the enoyl-acyl-carrier protein reductase, which can be seen in Gram-negative, Gram-positive bacteria, and Mycobacteria [5, 10, 6, 9] .
Just as bacteria can become resistant to antibiotics, they can also become resistant to triclosan, through mechanisms such as impermeability, target mutation, increased target expression, active efflux pumps, and enzyme inactivation [9, 5] . The added component of triclosan was supposed to give antibacterial soap an extra beneficial value above the normal soap, remove transient organisms, and prevent potential bacterial contamination or the development of infectious illnesses [11] . However, as there are benefits, there are risks, such as bacterial insusceptibility to triclosan, which would lead to bacterial resistance.
A way to reduce the risks of bacterial resistance would be to avoid unnecessary use of antibacterial products, starting with handwashing antibacterial soaps. To this day, there are many inconsistent reviews regarding the effectiveness of antibacterial and handwashing products. Many people believe that antibacterial products are more effective in the prevention of infectious symptoms than non-antibacterial handwashing products. Before 2002, studies seldom observed the effects of antibacterial household cleaning products on human infectious disease symptoms, despite the everyday use of these products. But currently, researchers realized the difference in effectiveness between antibacterial hand washing products with triclosan and regular hand soap. In three studies, the usage of antibacterial products was revealed to not reduce viral infection risks significantly, such as sore throat, respiratory infections, and diarrhea when compared to hand washing products. In the end, these studies demonstrated that it didn't matter which hand-hygiene method was utilized because both methods reduced health risks considerably [12, 13, 14] .
Many people also believe that a greater amount of antibacterial product utilized would have a greater effect in reducing bacteria. This misconception was tested in a study, where they found that despite the amount of times antibacterial products are used, no significant reduction in bacterial infection occurred. Thus, these antibacterial products were proven to not have an advantage over non-antibacterial products (hand washing) [15, 16] , disproving the assumption that antibacterial products are better in preventing disease-risk. Not to mention by increasing the usage of antibacterial products, the risk for bacterial resistance is possible, especially when previous laboratory results indicated that consumer products associated with antimicrobial agents would potentially lead to bacteria resistance, such as triclosan-resistant Staphylococcus aureus [6, 17, 18, 19, 10, 3, 20, 21] . Moreover, there is no need to use antibacterial products when you don't need to, especially if they aren't more effective than non-antibacterial soap. Non-antibacterial products, such as regular hand soap, are also generally less expensive than antibacterial products, such as antibacterial soap and hand sanitizers.
Efforts to educate the people should be implemented in order to prevent these various misconceptions from spreading, and to ensure that people are aware of the potential dangers of the antibacterial products. In one study, science education is tested to see whether or not it affects general hygiene and hand washing practices. In the university's standards, a science major includes nursing, biology, math, physical science, psychology, political science, and justice/public administration. Whereas, a non-science major includes business, education, and liberal arts. Even though most science courses do not directly teach appropriate hand hygiene practices, students are taught about the spread and prevention of bacteria and immune system. And this science knowledge is expected to influence hygiene and hand washing practices [22, 23] . As a result of this experiment, science majors washed their hands more than non-science majors, revealing how effective science education is. Two different surveys also supported that science majors understand more about hand hygiene than nonscience majors [23, 15] . Further significance of education on hand washing practices can be seen in another study, where students in academic buildings washed their hands more than students in recreational centers [24, 23] .
In observational studies, a key factor that could have influenced all these studies is the Hawthorne effect. The Hawthorne effect, which is also known as the observer's effect, is defined as the alteration of subject behavior due to their awareness of being observed. In these studies, Hawthorne effect applies because people knew they were being observed, especially in personal households where they allowed researchers to screen their house for bacterial infections, or in public restrooms where students were being bluntly stared at. And when people know they're being observed, their behavior changes, and in this case their cleaning or hygiene practices could be influenced. As a result, this would affect the results of the observational studies, such as bacterial infection rates [9] .
Other than the aforementioned studies, there is not much research that primarily looks at student majors and their hand washing practices. Moreover, none of the studies directly evaluated if science majors are aware of bacterial resistance, which is something I would like to test: Does the differing education provided to a science major and non-science major students affect their awareness of antibacterial resistance? The subjects for my experimental design would be the science majors in their biology labs and the non-science majors in their non-science major labs.
Methods
The observational study took place over a period of about five weeks and consisted of three parts described below. In the experiment, we used small signs containing language describing the dangers of misusing antibacterials. The signs were red print on white background, approximately 1.5 inches wide and 7 inches long, mounted on foam-board. These signs were attached to various areas of university recreations center (the campus workout facility) and in some biology laboratories in the Biological Sciences building. The two signs used can be seen in Figure 1. 1. In the first part of the experiment, both the science major and non-science major students' hygiene practices were evaluated for five weeks. These students were evaluated in the university recreation center where a variety of student majors would congregate. In order to determine the students' awareness of bacterial resistance, a warning label was placed on two hand sanitizer stand on different floors. The hand sanitizer stand on the first floor was positioned between the public restrooms for both men and women, and the other hand sanitizer stand on the second floor was positioned near the track, workout stations, and restrooms. On both floors, students were evaluated in order to see how many students would notice the sign, and how many students utilized the hand sanitizer stand.
2. During the second part of the experiment, science major students' hygiene practices were evaluated for 2 weeks in the science laboratories. In order to determine the students' awareness of bacterial resistance, a warning label was placed above the sink, where students are meant to wash their hands or sanitize their hands. Students were also evaluated in order to see how many students would notice the sign.
3. In another survey part of the experiment, a random selection of students were asked if they have noticed the sign placed in front of the restrooms for 5 weeks. Students were asked right next to the hand sanitizer stand. Initially, students were asked if they "notice" the sign and "believe" the danger that the warning lab depicted. When students notice the sign, they were also asked how long ago they noticed the signs, such as them noticing the sign "two weeks ago" or "one week ago." Later, the question of "Do you believe this concept" was changed to avoid response induction. This was changed because a lot of students would reply "Yes, I believe" or "Sure, I believe" when asked. These answers were ambiguous and did not reflect whether or not students were telling the truth. And so, the "Do you believe this sign?" question was altered to "Have you heard of this concept before?" And if students replied with a "Yes," they were asked "Where they have heard it [the concept of antimicrobial products] before?" In addition, students were also asked for their majors. After the questions, students were given a small informative lecture on the ongoing concern of bacterial resistance.
Afterwards, the data was collected and compared in order to see if there was any similarities and differences between student behaviors and student majors. This comparison of would determine which experimental group, science majors or non-science majors, responded to the antibacterial label more, ultimately determining which group would be more aware of the emerging bacterial resistance.
Results
Results of the Study, Part 1
The results are somewhat surprising. During the first phase, the observation, almost no one actually used the sanitizer and only one person noticed the sign. The signs were attached at the end of Spring Break week, on March 18. Even rec center staff members were noted passing by the sanitizer station without noticing the sign. During the three weeks that they remained attached to the sanitizer, only one gym patron was noted to have read the sign, and he seemed rather confused by it. He read it once, walked away, and returned to read it again. He did not, however, use the sanitizer station. In fact, of the over 200 patrons observed, only three used sanitizer, and did so in a rather distracted manner.
At the end of the observational stage, the faculty mentor for this project directly asked patrons if they ever used the sanitizer. Of the 28 asked, 13 reported never having noticed it and another 12 report using it occasionally. Three of the respondents reported using it "all the time," even though one of them had been observed passing the station five times, including a pass while exiting the gym. The rec center staff were asked how often they have to refill the sanitizer. One said "frequently" and one said "not very often."
Results of the Study, Part 2
The survey of science and non-science majors yielded more predictable results. 104 rec center patrons, 53 female and 51 male, were asked if the heard of microbial resistance, believed it to be so, or did not know. The results show that science majors are much more likely to be aware of the possibility that antimicrobial over-use may be producing resistant bacteria. Of the 104 students, 3 female and 4 male students report having seen the sign, the other 97 did not. The results are shown in Tables 1 and 2 . The first rows report the number of students who have or have not heard of bacterial resistance by major. The second set of rows is number who believe versus don't know. Gender breakdown is not shown, however, more male students than female students report knowing about bacterial resistance. Almost all of the students who report knowing about antibacterials and microbial resistance report have heard about it in a science class. Several said they had heard about it recently in class. This finding reinforces the idea that science classes can have a strong effect on attitudes and behaviors concerning antibacterial products. During the study, a few people even came up to the investigators who were interested in hearing more about the study and what they were finding.
The results, however, also reveal a good deal of ambivalence and/or lack of knowledge over whether or not this is true. A large number of people simply don't know if the studies concerning the dangers of producing resistant bacteria are correct. Again, this reinforces the notion that more education is needed on this topic in general. Keep in mind that this is a sample of college students who should have at least a basic knowledge of science; lack of knowledge or understanding is likely much greater in the general population.
Results of the Study, Part 3
In the final part of the experiment, permission was asked to hang the signs in biology labs. The faculty mentor was a bit concerned that the Biology Department would object to the study. However, when the faculty and lab supervisors were asked, they were actually quite interested in the study. Permission was given to hang a sign above the sink in the Microbiology lab. It was also pointed out that the Biology Department no longer used antibacterial soaps or sanitizers and had switched to a simple soft soap about two years prior. The reason given was growing concern over the possibility of bacterial resistance.
The classes observed were almost exclusively filled with biology majors. The results are a bit surprising: over the course of two class periods consisting of a total of over 30 students, only three were observed to have washed their hands in the lab sink, and none noticed the sign. When the graduate student in charge of the lab was asked about the distinct lack of hand washing, she responded: "Oh yeah, they don't care. They'll do the lab and then go straight over and have lunch without washing their hands."
Conclusion
Despite the somewhat puzzling outcome of this study, there is still a need to prevent further misconceptions from spreading. Efforts to educate should be considered, particularly in science education. As a result of the experiment, science major students are found to use antimicrobial products less than nonscience major students. Thus, it can be inferred that science major students are more aware of bacterial resistance than non-science major students. This shows how effective science education is in influencing hand hygiene and awareness of bacterial resistance.
However, just like many other experiments, there are limitations. One limitation could be the Hawthorne effect. During the experiment, many students may realize that they are being studied and observed, which could affect their behavior. Perhaps the labels on the antibacterial products may cause some students to find it suspicious, and cause them to avoid the products altogether. This study does not consider the students that skip hand washing altogether, and how many students actually use the antibacterial products. Graduate students or TAs (Teacher Assistants) are also not considered in this experiment, and if whether they used the labelled antibacterial products or not. Future research should consider these factors. Nevertheless, this simple experiment was successfully in noting the difference between science majors and non-science major students' hand hygiene preferences and their awareness of bacterial resistance. By understanding the effectiveness of science education, this information can be used to support the notion that science education should be implemented in order to prevent further misconceptions from spreading, and to spread the awareness of potential dangers of antibacterial products, such as bacterial resistance.
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